Bordetella pertussis infection of human respiratory epithelial cells up-regulates intercellular adhesion molecule-1 expression: role of filamentous hemagglutinin and pertussis toxin.
Adhesion molecules on respiratory epithelial cells play a critical role in inflammatory cell recruitment and accumulation at sites of inflammation. Bordetella pertussis colonizes the human respiratory tract by infecting epithelial cells, leading to an inflammatory response. In this study, the role of bacterial factors in the expression of intercellular adhesion molecule-1 (ICAM-1) on human respiratory epithelial cells was investigated in response to B. pertussis. Flow cytometry and real time RT-PCR analysis showed that BEAS-2B human bronchial epithelial cells expressed increased levels of ICAM-1 mRNA and surface protein in response to B. pertussis infection. Filamentous hemagglutinin (FHA) played a role in this response because of the impaired capability of a FHA-deficient isogenic strain. A mutant strain in which an Arg-Gly-Asp (RGD) site of FHA had been changed to Arg-Ala-Asp had diminished ability to up-regulate ICAM-1 expression. RGD sequence-associated up-regulation of ICAM-1 expression was also observed in primary normal human bronchial epithelial cells. Pretreatment of cells with integrin antagonists such as RGD-containing peptide and antibody against very late antigen-5 (VLA-5) inhibited the up-regulation of ICAM-1 expression, suggesting the participation of VLA-5 integrin in this response. Pertussis toxin (PT) prevented the up-regulation of ICAM-1 expression because a PT-deficient mutant strain induced higher levels of ICAM-1 mRNA and surface protein than the parental strain. Consistent with this, purified PT suppressed the up-regulation of epithelial ICAM-1 expression. These findings demonstrate that B. pertussis FHA up-regulates ICAM-1 expression on respiratory epithelial cells through interaction of its RGD site with host cell VLA-5 integrin, and that PT impairs this response.